Abstract: A commented list of 19 particularly interesting and noteworthy lichen species collected recently in the Giant Mts (Karkonosze, Krkonoše) is given. Most of them were found on the basalt outcrop in the western wall of the Ma lyŚnieżny Kocio l cirque (germ. Kleine Schneegrube), which is the most valuable and most conserved area in this mountain range. Two species are new to Poland: Lecanora gangaleoides and Lecidea praenubila. Umbilicaria cinereorufescens is reported for the first time from the Sudety Mts as a whole. Three species are new for the Giant Mts: Buellia ocellata, Diplotomma lutosum and Fuscidea praeruptorum. Eight species: Aspicilia microlepis, Belonia russula, Caloplaca crenularia, C. nivalis, Gyalecta biformis, Koerberiella wimmeriana, Miriquidica complanata and Polyblastia cruenta were re-discovered after over 100 years on the historical locality in the Ma lyŚnieżny Kocio l cirque.
Introduction
The Giant Mountains (Karkonosze, Krkonoše) Mts are the highest mountain range of the Sudetes, and at the same time the highest range formed during the Hercynian orogeny in Central Europe. Their peculiar geographical position, half way between the Alps and the great arch of the Carpathian Mts, and the geological history (including repeated glaciation during the Pleistocene) make them extremely important from a geobotanical point of view. Although they belong to the socalled middle mountains, with the highest peak in only 1,603 meters (Śnieżka Mt), the harsh climatic conditions prevail here even today. This is why almost all of the vegetation belts typical for the high mountains developed, up to the fragmentary alpine belt. Owing to this, many relicts of the ice age could survive here. They are representatives of both the fauna and the flora, together with numerous lichens. All these species represent now an arctic-alpine pattern of distribution. Their abundance in ecosystems lying above the upper tree line justifies calling these areas "artic-alpine tundra" (Soukupová et al. 1995) .
The lichen biota of the Giant Mts is one of the best studied in Central Europe. So far, about 600 lichen species have been found (Kossowska 2007) . This is an impressive number, considering that the mountains are rather uniform from a geological point of view, and that they consist mostly of acid siliceous rocks like granites, gneisses and mica schists.
Lichenological research in the Giant Mts has recently intensified on both sides of the Polish-Czech border and new species are constantly being discovered. Most of these are very rare species that grow in a specific type of habitat or substrate. In addition, many of the species found recently are lichens that were formerly reported from the area, but then not recorded for the long time. New localities of some species that were considered extremely rare have also been found. These recent discoveries have expanded our knowledge about the ecological constitution of particular species, and have made it possible to determine the effect of changing environmental conditions on the lichen biota of the region. In the future, these discoveries may also contribute to a comprehensive monograph treatise on the lichen biota of the Giant Mts in all of its chorologic, geographic and ecological aspects.
The present publication presents nineteen particularly interesting lichen species that were found by the author in the past few years in the Polish part of the mountains. Most of them are epilithic, growing on a variety of rock substrates, including granites, mica schists, hornfelses and basalts. Among them are two taxa that are recorded from Poland for the first time, one new for the Sudetes as a whole and three species new for the Giant Mts. A further two species that had previously been recorded only from the Czech side of the border were also found for the first time on the Polish side.
Material
The lichens were collected during field studies conducted in [2006] [2007] [2008] (Eitner) Zahlbr.] Species re-discovered on the same site on which it had been previously found (see Körber 1865; Stein 1879; Wykrota 1970) . This is a locus classicus of this species (Körber 1865 ) and the only site of it in Poland. This is a very characteristic epilithic lichen, which can be recognized by its perithecia-like fruiting bodies, immersed in thalline warts. Another distinguishing feature is that the spores are long and needle-shaped, with a length up to 125 µm.
Belonia russula is an arctic-alpine species reported from northern Europe and from mountainous areas in central Europe (Nawarro-Rosinés & Llimona 1997 Brodoa atrofusca (Schaer.) Goward (CZ: CR) An arctic-alpine species growing on acid siliceous rock (Wirth 1995) . In the Giant Mts Brodoa atrofusca was first identified by Palice (1999) (Scheidegger 1993) . It grows on both acid and basic rocks in relatively warm and sunny places (Wirth 1995) . It had never before been found in the Giant Mts, though.
B. ocellata can easily be distinguished because of its characteristic yellowish thallus, C+ persistent orange (xanthones). Immersed in the thallus are black apothecia. Epilithic species with characteristic rust-red apothecia. In Poland, it is known from the Tatry Mts (Bielczyk 2003; Flakus 2007 ) and the only one site in the Giant Mts (see Fa ltynowicz 2003) .
The locality of Caloplaca crenularia on basalts in the Ma lyŚnieżny Kocio l cirque has been known since the early part of the 1800s (Flotow 1839) . Every subsequent investigations also reported finding this species growing there (Körber 1855 , 1865 , Eitner 1901 , Wykrota 1970 ). The population is still quite large, and occupies almost every distinguished micro-habitat on the basalt outcrop, including variously exposed and moistened cliff faces, boulders, stones and rock debris.
C. crenularia belongs to the rather troublesome Ferruginea-group (Magnusson 1944) . This group comprises a series of closely related species characterized by a grey to dark grey thallus and ferrugineous apothecia with a biatorine to lecanorine margin. The population of C. crenularia in the Ma lyŚnieżny Kocio l cirque is conspicuous by its pale, sometimes almost white thalli. (Körber 1853 (Körber , 1855 Stein 1879) . However, it had not been found for a long time until now. The specimen that was recently discovered was rather small, but was covered with numerous apothecia and in generally good condition. Its grayish-white thallus had completely overgrown a tuft of Grimmia sp. that was growing on basaltic rock in a sunny, exposed location.
Caloplaca nivalis differs from C. ammiospila and C. tiroliensis, the other epibryophytic species that are known to grow on the basalt outcrop in the Ma lý Snieżny Kocio l cirque (see Kossowska 2009a) by having long and narrowly ellipsoid (length/width ratio: 6:1), unicellular spores with a poorly defined pseudoseptum.
C. nivalis is an arctic-alpine species that is found in the Alps, the Carpathians and in Scandinavia (see Nimis 1993; Hafellner & Türk 2001; Fa ltynowicz 2003; Lisická 2005) . In Poland, it has been reported only from the Giant Mts. Nowak 1998) . The first one forms yellowish-grey, areolate thallus and grows on siliceous rock, whereas D. dispersum occurs on calcareous substrata and its thallus is reduced to scattered, +/− rounded, whitish areoles.
In the Giant Mts, specimens of D. lutosum were found on two sites about 13 km apart. Both specimens were found growing on an anthropogenic calcareous substrate (mortar) on the highest points of the Polish part of the mountains:Śnieżka Mt. and Wielki Szyszak/Vysoké Kolo Mt, in the harsh climatic conditions of arctic-alpine tundra. The lichen does not grow abundantly at either site, with isolated areoles scattered among other calcicolous lichens such as Lecanora dispersa, Candelariella aurella and Caloplaca holocarpa.
D. lutosum is widely distributed in the Northern Hemisphere, with the distinct concentration of localities in Europe (Nordin 2000) . The species of a subatlantic pattern of distribution, growing on siliceous rock in rather damp and shady places. It is widely distributed in Europe, but is generally not abundant wherever it is found (see Purvis et al. 1992; Nimis 1993; Wirth 1995) . In Poland, it is known from several sites in the lowland and upland zones (Fa ltynowicz 2003) . The closest known locality is situated in the Czech part of the Jizerské/Izerskie Mts (Nowak & Tobolewski 1975) .
Thalli of F. praeruptorum very rarely form fruiting bodies. The specimens collected also remain sterile and form the characteristic, cream-colored soralia. This species is distinguished mainly on the basis of the chemical properties of thalli (soralia C+ red, Pd+ yellow, UV+ yellowish; alectorialic acid). In the Giant Mts this species is known from the only one site on basalt in the Ma lyŚnieżny Kocio l cirque, which is also a locus classicus of this species (Körber 1865) ; now this locality is confirmed.
It is characterized by minute apothecia (0.1-0.2 mm diam) and by spores that are only transversely septate or with an occasional single longitudinal septum. For a long time the species was considered to be endemic to the Giant Mts (Vězda 1958; Nowak & Tobolewski 1975) . It has since been found on scattered localities, e.g. in the British Isles, Turkey and Spain (Purvis et al. 1992 , Kinalioglu 2006 , Aragón et al. 2007 ). (Rambold et al. 1990 ). In Poland, it is known only from the Giant Mts and the Tatry Mts (Alstrup & Olech 1988) .
In 2006, it was again found growing on a historical locality in the Ma lyŚnieżny Kocio l cirque, discovered by Körber (1853) and then confirmed by Eitner (1911) and Suza (1929) . This is a locus classicus of this species (Körber 1855) and one of three known localities of Koerberiella wimmeriana in the Giant Mts. The other two are in the Czech part of the range: Kotel Mt. and Upská jáma cirque (Rambold et al. 1990; Palice 1999 ). Both of these places are also known for their rich and diverse lichen biota.
K. wimmeriana is characterized by lecanorine apothecia with a distinct, pale brownish margin and reddish-brown disc. The spores are large, with a length of up to 40 µm. The specimens from the basalt vein in the Ma lyŚnieżny Kocio l cirque represent the nonisidiate form of the species. This form is extremely rare, known only from the Giant Mts and two other localities in France and Sweden (Rambold et al. 1990 ). The thalli found in the Giant Mts were infected with Sagediopsis aquatica, a parasitic fungus that grows exclusively on Koerberiella wimmeriana. !!! Lecanora gangaleoides Nyl. (CZ: DD) This is probably the first documented record of this species in Poland. It had been previously reported from one locality near Muszyna in the Beskid Sądecki Mts (Rydzak 1955) . However, the veracity of that report has since been questioned (see Olech 1973; Śliwa 1998; Fa ltynowicz 2003) .
L. gangaleoides is the lichen species growing on siliceous rocks, similar to L. cenisia and Tephromela atra and probably confused in the field with those two species. However, it differs from L. cenisia by black discs of apothecia and a greenish-black epithecium. Tephromela atra also produces black apothecia, but can be distinguished by its very dark purplish-brown hymenium.
This species is widely distributed in Europe, and has a more or less oceanic pattern of distribution (Nimis 1993; Wirth 1995 (Kossowska 2008) and then on the nearby Czarny Grzbiet/Obří hřeben ridge (Kossowska 2009b) . The new site is situated about 18 km from the first two. This is also the first site where this species has been found growing on granite, which is generally poor in metal compounds. Lecanora aff. gisleriana probably grows on exposed rock surfaces above the tree-line all along the main ridge of the Giant Mts. However, it can be easily overlooked because of its unassuming appearance connected with a parasitic lifestyle.
Like the two previously reported specimens, the specimen from Szrenica Mt. differs from the typical L. gisleriana in its blue-green pigment in the excipule and a different host lichen (see Kossowska 2008) . In the Giant Mts, this taxon appears to be associated exclusively with Lecanora polytropa. It may represent a separate, undescribed species that is related to L. gisleriana. This can be confirmed by finding more specimens growing in similar habitats, also on the localities outside of the Giant Mts. Wykrota (1970) ; now this locality is confirmed. The present population of this species on the basalt vein is small, but in good condition.
The only other known localities of this species in the Giant Mts lay in the Obří důl valley (Eitner 1911; Palice 2000) , where it grows on skarns containing high levels of iron compounds. The occurrence of L. subaurea on basalt outcrop in the Ma lyŚnieżny Kocio l cirque is rather surprising. While basalt contains more iron compounds than granite, it is still not especially rich in iron, with a combined content of FeO and Fe 2 O 3 of about 12 % (Zagożdżon P. & Zagożdżon A. 2006) .
L. subaurea is sorediate lichen that rarely produces fruiting bodies. Bright yellow or yellow-green soralia arise on the margins of its areoles. These traits, together with a characteristic red reaction with Pd (pannarin), distinguish it from similar species growing on iron-enriched substrates, such as Lecanora epanora and L. soralifera.
Lichen grows primarily in northern and central Europe (Nimis 1993) . In Poland, it has been recorded only in the Giant Mts and on a few sites in the Carpathians (Bielczyk 2003). An arctic-montane species of a broad circumpolar range (Purvis et al. 1992; Hertel 2006) . Until now, however, it had never been reported either from Poland or from the Karkonosze Mts. L praenubila superficially resembles L. fuscoatra, but differs in the chemical properties of the thalli (medulla I+ violet, Pd+ orange; stictic acid). The thallus consists of graybrown areoles with slightly reddish tingue and is surrounded by a distinct black prothallus. The specimen found was small, but fully formed so that its taxonomical identity is beyond question. Further field studies and thorough revision of herbarium material may reveal more localities of this species in the Giant Mts. In the Giant Mts, this species had been reported from several historical localities including three sites in the Polish part of the range (see Kossowska 2006) . In Poland it had occurred also in the Tatry Mts (Nowak & Tobolewski 1975) . However, it had not been found in both mountain ranges for a long time. Now the occurrence of M. complanata is confirmed on one of the sites known earlier, after nearly 80 years from the last report (Suza 1929) . The new observation is especially valuable, because the site in the Ma lyŚnieżny Kocio l cirque is a locus classicus of this species (Körber 1865) . The present population of M. complanata growing there is rather abundant and shows no signs of being threatened.
M. complanata is a crustose epilithic species that superficially resembles species of the genus Aspicilia. The thallus consists of areoles that are scattered on a black prothallus or are concentrated in an almost contiguous, thick crust that is brownish-gray with a characteristic violet tinge. (!) Protothelenella sphinctrinoidella (Nyl.) H. Mayrhofer & Poelt (PL: EN, CZ: NT) An epibriophytic lichen overgrowing clumps of mosses on acid soil above the treeline. In Europe, it is known mainly from the higher altitudes of the Alps, the Pyrenees and the Carpathians, as well as from the British Isles and Scandinavia (see Nimis 1993) . In the Giant Mts it had previously been known from the only one locality on the Czech side of the border, in Upská jáma cirque (Mayrhofer & Poelt 1985) . P. sphinctrinoidella has a very thin membranous thallus that is difficult to detect when dried out. When wet, it becomes gelatinous and takes on a greenish color. This species is similar to P. sphinctrinoides, which also grows in similar habitats. However, it has smaller spores and minute perithecia that are 0.1 to 0.3 mm in diameter. P. sphinctrinoidella probably grows more widely in the Giant Mts, but is easily overlooked because of its unassuming appearance. This species has a rather wide habitat preference, and grows on calcareous rocks as well as on basic siliceous rocks. In the Giant Mts it had previously been found only on the Czech side of the border, in Tmavý důl valley (Kuťák 1926) . In Poland, it is known from many localities, mainly in limestone regions (see Fa ltynowicz 2003) .
Rhizocarpon petraeum is characterized by a pale, distinctly pruinose thallus and the pruinose margin of apothecia. This species is similar to Rh. umbilicatum, which also grows in similar habitats. However, it has much larger spores (up to 50 µm in length) with a higher number of cells (Ihlen 2004 Sporodictyon cruentum (Körb.) Körb. (PL: DD, CZ: VU) [Sporodictyon henschelianum (Körb.) Körb., Polyblastia cruenta (Körb.) P. James and Swinscow, P. henscheliana (Körb.) Lönnr., Segestrella cruenta Körb., Sphaeromphale cruenta (Körb.) Körb., S. henscheliana Körb.] An arctic-alpine species of a probably circumpolar distribution (Nimis 1993) . It grows on moist noncalcareous rocks, usually near streams or in local water seepages. In Poland, it is known only from the highest latitudes in the Sudetes (Giant Mts; see Kossowska 2006) and the Carpathians (Beskid Wysoki Mts and Tatry Mts; see Bielczyk 2003) . In the Giant Mts the species had been found only on a few localities on both sides of the Polish-Czech border (Körber 1855 (Körber , 1865 Stein 1879; Kuťák 1926) . The site in the Ma lyŚnieżny Kocio l cirque was discovered in the middle of the 1800s (Körber 1865, as S. henschelianum). However, its current condition remained unknown. Now the occurrence of this species on basalts in the Ma lyŚnieżny Kocio l cirque is confirmed. A small population remains on the center part of the basalt outcrop, in a water seepage on a vertical wall with basaltic debris at its base. Other lichens growing together include Belonia russula, Ionaspis ceracea, Dermatocarpon miniatum var. complicatum, Koerberiella wimmeriana, Rhizocarpon lavatum and Scoliciosporum umbrinum.
S. cruentum forms a thin, gelatinous thallus with a characteristic oily sheen. It can be distinguished from similar species by its dark spores that are up to 80 µm long. It also has different habitat preferences. !! Umbilicaria cinereorufescens (Schaer.) Frey (PL: VU) A very rare high mountain species, in Poland known only from few localities in the Tatry Mts till now (Krzewicka 2004 ). In the Czech Republic, it has never been reported at all (Vězda & Liška 1999) . The new site of this species discovered in Giant Mts is rather unexpected. Several well-developed thalli were found on a vertical surface of Końskie Lby rocks -the most popular and penetrated by tourists rock complex in the area of Szrenica Mt. in western part of the mountain range. This is also probably the lowest locality of this species in central Europe.
It differs from the other representatives of the genus by an underside of the thallus, which is jet black, minutely areolate and covered with wart-like protuberances called papillae. In addition, numerous rib-shaped ridges, trabeculae, radiate outward from the holdfast. The upper side of the thallus has a characteristic, mouse-grey colour.
The specimens found were fully formed, in good condition, and of normal size, with a diameter of about 3 to 4 cm. It is likely that more sites on which this species grows will be found nearby. 
